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DECLARATION UNDER 37 C.F.R. § 1.131 



Commissioner for Patents 
Mail Stop Box 1450 
Alexandria, VA 22513-1450 

Sir: 

We, Abraham P. Lee and Yung-Chieh Tan, declare as follows: 

1 . We are the only joint inventors of the above-identified patent application. 

2. Before January 1, 2002, we conceived, in the United States, the invention 
disclosed and claimed in the above-identified patent application, and exercised 
reasonable diligence from conception until February 11, 2003, the filing date of U.S. 
Provisional Patent Application Serial No. 60/446798 to which the above-identified 
patent application claims priority under 35 U.S. § 120. 

3. Exhibit 1 is a true copy of disclosure materials, from which the dates have 
been redacted, which record work performed before June 9, 2002, in the United States. 
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4. We further declare that all statements made herein of our own knowledge 
are true and that all statements made on information and belief are believed to be true; 
and further, that these statements were made with the knowledge that willful false 
statements and the like so made are punishable by fine or imprisonment or both, under 
Section 1001 of Title 18 of the United States Code and that such willful false statements 
may jeopardize the validity of the application or any patent issuing thereunder. 
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Abraham P. Lee 
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statements and the like so made are punishable by fine or imprisonment or both, under 
Section 1001 of Title 18 of the United States Code and that such willful false 
statements may jeopardize the validity of the application or any patent issuing 
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^■"U'lJ 0* tic:hni>lo.;y 

l>ALi_IANCES 



OTA Disclosure # 

PROPRIETARY INFORMATION 



Office of Technology Transfer 
University of California 



CONFIDENTIAL DISCLOSURE AND RECORD OF INVENTION FORM 



Note " SEC^^^ 

eqmred bylaw. The mformation contained herein should not be di closed toThe* *" M " ^ * patent a PP lication is ™<*> or as may b, 



ALL QUESTIONS MUST BE ANSWERED 



1. General Subject Matter: 

designs for different nanomanufacturing fe^(Z^SM^St I 7??"" Vari ° US device 

asymmetric vesie.es). Also included are designs ^Sil^.SS? ^ * s ™™& s > ™ulti-lamellar amphiphilic layers, 
polymer emulsions. The combined features Ld function * 52 £EZ£^££ T'f ^ and 

hne, all on a single microfluidic chip. These amphiphilic vesicles are IrX7«f,T 1 .-^ ed aim>hi P hi,ic v «iele production- 
biomolecular nanomedicine such as DNA oentiiT™lZ k- ? • , CC " S Wlth a PP ,icat ions ™ drug delivery (including 
hiomolecular devices (power, a^2^!^CS\K^ ^^ ctio 7L mb ^ 



2 ' T^heZtf'C* < e «/™®>r Std0C > Z raduate of Persons connected W ith the hwA- 

pattta^ 
Abraham Phillip Lee, Faculty 
Yung-Chieh Tan, graduate student 



3. a) Brief description of the invention: 

What is it? How is it done? What is the purpose? What is the fundamental principle? 

The higher the shear force the smaller the ^^ST^S^JT"^ 7°^ dr ° pIet formation ' 

design of oil-water-oil sheath flow to establfs^ J?* formati «» n 

and batch fabrication of the devices. 2 The pressure . • ^ntrollable shear forces. This enables reproducible, 
formation. The second part of thelnvenS^^^ favorable conditions for high speed droplet 

devices. The third part of the invention includes TvaTfo^ mkS2 7 membranes for artificial cells in microfluidic 

controlled and dictate the viscous forces at the oa-wSlnt«ES?^t" i * m,c r° channe ^ The relative flow rates are 
and if it is, what sizes they form at. Secono bv d sIoS 7^1 u7 d ? termines whether droplet formation is favorable 
around the droplets to form n^y^^^^^^f^ the „ oil S0,uti ° nS a ^yer membrane is formed 
bilayer vesicle upon entering the ^^SSJt^i^J^E^^ 7 T* *"« fWmS 8 

components in one integrated design. Droplets enter biZr It ™ 2 7 ? ^P 0 *"* 8 *"** ™* post-processing 
microchannels at this junction. The t^S^^ZS^S' T™ fluidiC and are Prized into both 

apart the droplets. For fusing, larger d2 are enteriL a hS? "? 7?°™* °' Channd wa,,s assist «« faring 
to smaller size of the neck of the vertical channel Ts™Z M M ™* tl0a J 0,nt from the ^ hand side and get trapped due 
the vertical channel. In the process, the hZTl ZZI ^'f^ enten "8 from the left *de and are able to enter 
rock back and forth. This rocking motioX^ ^SSH^T?* *' 7^ CaUSCS lt t0 

the sorter, droplets passing from left to Ma^Ld^SS^ 7 " ' dr ° p,et d ° Ub,C the ori g ina » si *>- ** 

different pressure drops to "attract" aJTS^fi^^^I' the bi f u , rcati » n ' there are two cha ™<* •** 
the horizontal channel. Since the smaller drS ^^^^STa' nT ^ ^ dr ° P ' et is aWe to «> 
the larger ones will drop into the vertical S^SS^^ 9 ** C °" eCted in the horizont *' <**™el and 



Ihe purpose of the invention is to -nerate artificial cell-like vesicles with tailed 
biotech, materials development ^nsing applications. 

b) The invention is a new: ~X-Product -X-Process 



imposition and size for various medical, 



— Composition 
(check all applicable) 



-X-Method of use 



Funding source(s): 



Funding Source / Sponsor 


Contract or Grant Number 


Principal Investigator / Supervisor 


UCI startup funds 













Proprietary materials: 

This invention utilized Data or Materials from: 

A subscription to the proprietary database Celera 

Affymetrix Chips 

Material Transfer Agreement (MTA) 

Other proprietary material (Please Explain) 

(check all applicable) 



Relevant Dates: 



Item 

Date: " " ~" 


First Written 
Description 


First 

Successful 
Operation 






* 


By whom — — 


Abe Lee 


Yung-Chieh Tan and Abe Lee 


"Where 
Recorded 


Arlington, Virginia 


UC Irvine (Engineering Tower) 


To Whom 

First 

Disclosed 

Date First 


Peter Rentzepis, professor at UCI 
chemistry department 


John Collins, postdoc at UCI 



Disclosed 



7. Disclosures: 

IZSJESJET ». . .jonsor) then indicate when, under whi 

orally De. Mike Krlhak, Program Mana s .r at Defense Advanced Rasaarch Project, Agency (DARPA) 

c. by actual use, demonstration, or posters 
We showed Dr. Mike Krihak the demonstration of the droplet formation under a microscope in our lab at UCI. 



8. Publication: 



paper, 



Has this subject matter been published or disclosed anywhere in the form of a report (includin fi sponsor) abstract 



Prior Art: 



L « e „f h , Pri ° r art ' P ublished or ""Published, including related UC Irvine work, which bears on the invention In the 

S^^SSSAS^!' T f UCtUreS? H ° W d ° eS the lnvei dlffer ^"eTrira^Hasa 
f S£S£ w£IS?^ attCr ^ ^ by y ° U ° r fW y ° U? " S °' attach c °P ies 01 the ™ st P^tinent references. 



—No Known Prior Art ___ No Prior M Search Done 

10. Problem Solved: 

How was the problem solved in the past? What was the disadvantage to overcome' 

asymmetric vesicles on demand as ou t08enerate DrCCise vesicles < 



11. Advantages: 

State the advantages which the invention has over the prior ways of achieving the same purpose. 

^r,e=^^ 



Detailed Examples and/or Draw?-* 

protein synthesis vaicfes „,i„g „ ar fechniqn. In a fll ' * "" C '" ,Ce, " " 



1 3. Regulatory Approval: 

T^^ml™ SBbJeCK ° Se " 10 """" 10 thi! " tete ™« * "—ry 

No. 



14. t/f/%; 



15. Commercial Use: 
No. 



±,ummerctai use: 

Has this invention had any public or commercial use? If so what? Wh^ Wh*n<> ir^uu 
in the inunediate future, indicate wha t, where, and whence daroTfirs^er 11 ^^Sr" 1 ™ " 



16. Potential Licensees or Research & Development Sponsors- 



1 7. Signatures, Names and addresses 



sons mentioned in Question 2: 



18. 



Signature / Date 


Signature / Date 


Print Name 

Abraham Phillip Lee 


Print Name 

iung-cnien lan 


Dept/ORU 

Biomedical Engineering 


Dept/ORU 

Biomedical Engineering 


Nationality " ~ 

U.S.A. 


Nationality 

laiwan, K.(J.C 


Resident Street Address ~ 

1 1 Murasaki Street, Irvine CA 92612 


Resident Street Address 


Campus address with zip+4 (zip code + zot code) 

BME Department, 204 Rockwell Engineering Center 
Irvine Ca 92697-2715 


Campus address with zip+4 (zip code + zot code) 

BME Department, 204 Rockwell Engineering Center 
Irvine Pa Q?f*Q7 971 s *" ' 


Campus Extension 

4-9691 J 


Campus Extension 

4-9926 



Note: If there are more persons please provide signatures, names and addresses on an additional sheet of paper. 
Non-UC Collaborator(s): 

such ..her em p toy „, „. th , „,„,„ - „„,„ enpl^S^StCr 2 SE^ " n " * 



19. 



IfafelM* MM r7W Required)— Mention disclosed to and understood by: 





Signature /Date 


Signature / Date 




Print Name " 


Print Name 


Submit this form with ORIGINAL SIGNATURES directly to: 



V.J. "Raj" Rajadhyaksha, Ph.D 

Associate Director 
Office of Technology Alliances 
380 University Tower 
4199 Campus Drive 
Irvine, CA 92797-7700 



If you do not receive an acknowledgment within 30 days, please call the above at (949) 824-4608 

SS'S fo03 Retenti ° n: 7 yMrS 3fter ,SSt or 1 0 years after the date of the .as. action whichever is „«er 

©1987 The Regents of the University of California 



All Rights Reserved 
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Oil/ solvent with "5> * 

amphophilic molecules (A$^8 Sheath flow extruded vesicles with AM 

^ J u J „ monolayer membranes in oil flow 



Aqueoussolu.cn ^ *^ , 'A^'Y, t'^ t' ^ 



with reagents (red) ^^H'' ' * * * >" % *"*tV>*Vl*V * 

to be encapsulated ► ™«|««"W 

Direction of flow 

^ \Ji * Vesicles with AM bilayer 

* + * membranes in aqueous buffer 



Hg " vesidl eral deSign ° f miCr0fIuidiC d6ViCe f ° r directed ^-assembly and nanomanufacturing of amphiphilic 

T«sfc 13 Integrated nanomanufacturing platforms for automation and post-assembly manipulation. 
We have developed microsystem platforms that can enable the automation of complex self-assembly 
processes One such platform is the magnetohydrodynamic (MHD) fluid* manifold, that can 
mdividually control the pressure/flow rates of each microchannel[46-48]. This device will be used in the 
^ year of the project when the fundamental parameters to control interf acial tension aTmemb^e 
molecular concentrate are determined. The MHD electrode pairs will be used for in situ 
charartenzahon of the AVs such as capacitance sensors for quantifying charged molecules (e.g. DNA) in 
AVs[49] countmg and sorting of sizes by conductivity[50] and elecMcal field flow fractionation [51] Jd 
for probing membrane characteristics by dielectrophoretic techniques[52J. 
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M*,l!S!fffiffi 'S^" fimCa ™' S "J" ^""-i "y *. developed fa 

possible to use precisely sized AVs for particle Lging^ * S * bl0markers ' * IS ak ° 



2 



Lee, A.P. 



, ^ de r Ce l Were deSi ^ ed t0 ^manufacture droplets by controlling the interracial tension 

and hear gradients m between oil and water. Fig. 3 illustrates Lee types of designs for JneratinT 
droplets, each representing a different condition and control on the inTerfacial tensTn and rates 

&e s*es of the droplets rauged from 10 m to 40 nm (see Fig. 4 & Fig. 5)/ which correspond to £. 

/?" "° SS -^ n device " 4) generated droplets at 1-2 drops/sec whereas the^wfe" 
device (Fig. 5) was much faster at 90 drops/sec. The cross-junction droplet generation rate can bV 
increased m the cross-junction generator with higher flow rates. Our ixLlSsS ^jTated bv a 
= n flow rate syringe pump drained towards a vacuum pump with little col7ZS Sow * 
cond trons m each nucrochannel. Yet we were able to roughly comxol the sizes and unif onnrty of the 

r s rr t* of relatively simpie devices - ^ ieads us * wii fl ! w 

on^o (the current task), accurate molecular structures (Task 2), and better characterization ^Tthods 

Thechannelsweremotded 



Toil T l^ater 

Lf :i^s- 



. Oil 



oil- 



water,^ 

; - ( Oil 



Droplet 
generation 



i 



''^Droplet 

generation 



(a) 



(*>) 




water 



Droplet 
•generation 



Our goal will be to investigate the conditions to reliably control AV sizes ranging from 50nm to 10 urn 
the common range of organelles and cells. To date our preliminary droplets simKnSateTater LZ' 

z£z f rT tion of avs - meient » mers ^ winLTitdiedtr 

3SS d°roX S f ^ ShOWn * ^ \ ^ ^ ^ W tD COnsider * e inteScS teiion 

dunng the droplet formmg process as the AMs aggregate towards the interfaces 11 2 ?fi iw;u t 

unpo^tto note that me vesicle fo^ 

m each channel to mamtam steady state flow and uniform production of vesicles DirS flow 
con&tons wxll be required to maintain steady state generation of droplets ba ed on fte T^cs of the 
AMs. Dynamrc perturbation of flow could also enhance the control of small dropS formSrbv 
inducing Raylexgh Instabihty like droplet formation[36, 37]. In order to addr JSese issues^ w have 
acquired a piece of equipment, a microfluidic control manifold system (CAS ^rSZTcTt T 

Another challenge on the device development will be the microfabrication processine It will Hp 
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Time (sec) 

time. Initially the W <Z P nucleatSS staS fi? ^ J^^ 1 ,^ 0 ^ at fte function of 

release the drops moves fas£r IhSS^sponTtoZ'n^ P T' 7 ^ ^ ^ Ae ^ * e 

sloped line. The inset curve swT* 35 ^l^T T "J*" ^ ^e and large- 

implies the droplets are released it£KJ^SKT " * ° f to ^ ita W* H - 





igii§ 

longer sustain^ >am Lr ftv^K^^ J"?** *f *nsion can no 

(Center, ^""^^ 

is later enwrap^^Z^p^^^ ftt" T * ** Up SUCh ** one vesicI * 
'"^orpoTa^ 

multi-lamellar vesicles can encapsulate T ? 7 addltl0n ' controlled assembly of 

biology. It is also possibfe ^^^tCbS! & *J ^applications m medicin / and 
different This is significant SSdS^ST ^ ^ ^ ^ ° Uter are 
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rnt C n l6 J ^ I 7 ml f ne 311(1 enca P sula ted within it(e.g. membrane proteins, shear force driven 
controlled permeability for changing composition and/or concentration of encapsulated fluids etc.). 

In combination with Task 2, where the amphiphilic polymer molecules will be grafted the 
relationship between molecular structure and self-assembly parameters will be discovered This will 
enable the control of vesicle shapes (spheres, rods/cylinders). Task 3 will verify the properties and 
efficiency of the AV nanomanufacturing device using state-of-the-art AV characterization methods. 

Task 4-2. Protein (Lucif erase) synthesis in AVs. An "artificial cell" for protein synthesis will be 
assembled using 1) the formulations for classical liposomes, and 2) commerciaUy-available protein 
transcription/ translation systems. Using the nanotechnology assembly procedure, we will encapsulate 
aqueous solutions containing, in particular, the complete TnT Quick Coupled Transcription/ Translation 
system of Promega (Madison, WI). With the inclusion of luciferase control DNA designed for use with 
this system (also from Promega), this comprises a fully-functional transcription/ translation system that 
produces a gene product (luciferase) that can be easily assayed using a luminometer. This complete 
system m aqueous solution will be encapsulated into liposomes of phosphatidylcholine and cholesterol. 



LI»M*iM«tJi«r{«.|. 
Jrtosp hatWyteho Hn«) 



TrfMwiMiaculM. 
and nor* fern** pvpfetew 
protein* 4 





Fig. 6. Protein synthesis in liposomes. 
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